Background-Nearly 35% of men treated for prostate cancer (PrCA) will experience biochemically defined recurrence, noted by a rise in PSA, within ten years of definitive therapy. Diet, physical activity, and stress reduction may affect tumor promotion and disease progression.
INTRODUCTION
Prostate cancer (PrCA) is the most commonly occurring cancer, excluding skin cancer, in males in Western populations (1) . In the U.S., one man in six will be diagnosed with invasive PrCA in his lifetime (2) . Generally, patients who present with PrCA are treated with either radical prostatectomy or radiation therapy (3). Though not a particularly virulent cancer (its mortality:incidence ratio, 0.17, is the lowest of any common malignancy (4, 5)), incidence and mortality are much higher in Black men than their White counterparts (5, 6) .
Overall, approximately 35% of men diagnosed and treated for PrCA will have a biochemically defined recurrence, marked by a detectable prostate specific antigen (PSA) elevation, within ten years of definitive local therapy (7) . Unfortunately, over a third of those individuals with PSA elevations will go on to develop metastatic disease within the subsequent five years (7) . Recent (i.e., published after this study was conducted) findings from well-designed cohort studies showing that mortality rates are as high or higher with intensive screening (8, 9) underline the need to identify means for improving survival in men with biochemically recurrent disease (i.e., those who show the first evidence of metastasis).
No curative therapy exists for metastatic PrCA (10) , although medical and surgical androgen ablation can produce responses in most patients, with an average duration of favorable response in the range of 18-24 months (11) (12) (13) . Androgen ablation, however, produces side effects whose severity has motivated a search for novel adjunctive strategies that could retard tumor progression and postpone the use of such therapy (14) (15) (16) .
Dramatic international variations exist in age-adjusted cancer incidence and mortality rates (1, 17) . Large (three-to nine-fold) and rapid increases in incidence and mortality rates (compared to approximate host-country rates) are evident by the second generation after migration (18) (19) (20) . These ecological observations implicate environmental, rather than genetic, factors in accounting for most of these differences. Epidemiologic and laboratory studies further suggest that among environmental influences dietary factors constitute the most important modifiable risk factors in determining aggressiveness of tumors (21) (22) (23) (24) (25) (26) (27) . Likewise, using criteria to assess diet -cancer relationships (28) suggests it is "probable" that lack of physical activity (PA) is associated with PrCA (29) . While there is conflicting interpretation of this evidence (30) , it is known that PA has a variety of health benefits, including enhancing emotional (e.g., depression, anxiety) and physical functioning following diagnosis and treatment (31) . Also, it is known that PA can affect endogenous androgens and sex hormone binding globulin (SHBG), a plausible biologic mechanism for reducing risk of cancer (32) . The intersection of the effects of diet and PA on prostate cancer recurrence may be mediated in part through a change in relative weight. Obesity is positively associated with aggressive PrCA (33) , and a recent review suggests that increased weight is a risk factor for biochemical recurrence and disease progression (34) .
Because of their potential for reducing risk of recurrence, lifestyle interventions are of interest to many cancer patients following their diagnosis and treatment (35) . This intervention trial builds on results from an earlier study in which we found that the strongest relationships existed between decreases in PSA change and increases in dietary fiber intake [a good indicator of dietary change (Spearman's r = −0.73, p = 0.02)] and in the number of minutes of exercise [Spearman's r = −0.60, p = 0.04 (10) ]. The setting for this diet and PA intervention trial was South Carolina, an area of high prostate cancer incidence in which Black residents experience the highest mortality rate of the disease in the world (5, (36) (37) (38) .
METHODS

Participants
Men eligible to participate were required to have had a histologically confirmed diagnosis of adenocarcinoma of the prostate, for which they were treated by radical prostatectomy or radiation therapy as a primary therapy. In addition, each man had to experience a rise in serum PSA concentration after achieving a post-surgery nadir (usually at or close to zero). The definition for biochemical recurrence based on PSA has been debated in the literature (7, 39, 40) At the time of this study, the commonly used community standard for judging radical prostatectomy treatment failure was based on 3 successive PSA rises at 2-to 3-month intervals, rising to a level of 1.5ng/mL. In addition, men had no other malignancy in the past 5 years; were not taking thyroid medication, antibiotics, diuretics or steroids; were able to read at a sixth-grade level; spoke English as their first language; were compos mentis; and were willing to be randomized to the treatment or usual care control (with an option to take the treatment after their sixth month participating as a control). Each man was required to enter the trial with a partner who had to fulfill all of these additional eligibility criteria. Other exclusions for participants included receiving post-operative hormone therapy for PrCA; having a diagnosis or symptoms of cardiovascular, pulmonary, Crohn's disease or active ulcerative colitis or metabolic disease; experiencing a weight loss in excess of five pounds in the previous 3 months; regularly consuming more than two alcoholic drinks per day; planning to take hormone supplements, or fish oil or other supplements rich in omega-3 fatty acids; or having been diagnosed with post traumatic stress disorder (PTSD). A total of 60 men, each with a partner of his choice, were recruited into the study. Randomization was blocked by age (± 5 years) and race (Black / White). All recruitment and data collection procedures were approved by the Institutional Review Boards of Palmetto Health and the University of South Carolina.
Setting
Participants for this study were drawn primarily from the major urology practices in Richland (67%) and Lexington Counties (9%), which comprise the most densely populated center of the Columbia, South Carolina Standardized Metropolitan Statistical area (also known as the "Midlands"), as well as from Orangeburg (6%), Newberry (6%), Kershaw (6%), Sumter (4%), and Fairfield (2%) counties. The intervention was conducted under the auspices of the South Carolina Cancer Prevention and Control Program at various locations in the Columbia area. All clinical data were collected in the facilities of the Cancer Prevention and Control Program in Columbia.
Intervention
Participants were randomized to either the intervention or control group. The intervention consisted of an individual session in which dietary and PA goals were discussed and set as well as twelve 2.5-hour group sessions conducted weekly over the first three months of involvement. Monthly group booster sessions and progress calls by instructors to each participant and partner continued for 3 months thereafter. Participants were given daily "homework" assignments that consisted of cooking, PA, and stress reduction activities. There were a total of six 6-month intervention cycles initiated in June 2004 and continued over 28 months through October 2006.
The decision to combine diet, PA, and stress reduction was based on the observation that interventions that include multiple behavioral techniques are associated with the largest health behavior change (41) (42) (43) (44) . The diet portion of the intervention was focused on foodrelated goals including decreasing meat and dairy consumption while increasing consumption of whole grains, soybeans and soybean products, other beans, and vegetables. As with previous studies, the diet included some ingredients familiar to participants and others that were new and different (10, 45, 46) . The components are consistent with a prudent, if ambitious, interpretation of current dietary goals, incorporating foods that have been shown or are thought to influence PrCA progression such as soy, carotenoids, and various spices (28, 47, 48) . Cooking techniques and condiments were used to create a sense of familiarity and adventure (as opposed to the feeling of deprivation that diets often engender). We have used similar diets in other studies in breast (46) and prostate cancer (10) patients, and in hyperlipidemic subjects (45, 49) .
The objective of the exercise training protocol was to improve fitness and general well-being by working with participants to identify an activity that they enjoyed. Initial PA goals were determined by the participant's physical functioning, consistent with past interventions with cancer patients (50) . To maximize safety, men were instructed to increase their exercise duration and intensity gradually. The intervention aimed to have the participant attain CDC/ ACSM recommendations of ≥30 minutes of moderate intensity exercise on ≥5 days per week, a goal consistent with the level of leisure-time activity currently recommended for attaining health benefits (51) . The 45-minute training sessions, which were completed as part of the "homework" assignment, included stretching (5 minutes), warm-up (3-5 minutes), and 30 minutes of the actual exercise (e.g., brisk walking), followed by a cooldown period of "active" recovery (e.g., walking at an easy pace).
The intervention strategy was based on the premise that successful lifestyle change relies on the participant developing a self-awareness of the mind/body connection and internalizing the relationship between healthy lifestyle habits and the experience of well-being. It integrated the essential features of Mindfulness Based Stress Reduction (MBSR) into all aspects of the intervention. As with our previous work (10), we combined elements of MBSR with delivery of this intervention, a strategy that also may contribute to selfregulation of other physiologic processes (52) . We have had a long history of integrating work in mindfulness with cancer treatment (10, (53) (54) (55) (56) .
Control Condition
Participants randomized to the control group underwent the same assessment protocols as those randomized to intervention. No attempt was made to limit control participants' use of psychosocial care available to PrCA patients in the community or to national educational or supportive resources. All men and partners assigned to control were offered the opportunity to take the intervention, free of charge, at the next available cycle following their participation as a control for six months.
Measures
Data Collected Only at Baseline (i.e., enrollment, prior to randomization)-Clinical, pathological, and histological data were abstracted from the participant's medical record. Demographic and health-related data, including participants' prior experience in meditation or other spiritual practices, were obtained. Response sets previously found to bias self-reported diet and PA include social desirability and social approval were measured using the Marlowe-Crowne Social Desirability (MCSD) Scale (57, 58) and the MartinLarsen Approval Motivation (MLAM) Scale (59) .
Data Collected at Baseline, 3 and 6 Months-Dietary intake was assessed using 24-hour recall interviews (24HR), the method that we (60-62) and others (63, 64) have found to produce the lowest overall error and that is least prone to measurement biases (65) . Three randomly selected days (2 weekdays and 1 weekend day) were queried at each of the three time points during a 2-week sampling window. Physical activity was assessed using the Community Health Activities Model Program for Seniors (CHAMPS) Physical Activity Questionnaire and PA levels and household activity levels (66) . The values are expressed in metabolic equivalents (METs), with one MET being the equivalent of resting metabolic energy expenditure (67) . Anthropometric measurements that were collected included the following: standing height (cm), weight (kg), waist and hip circumferences (cm), and elbow diameter (cm). These measures were chosen to capture changes in overall/regional adiposity (68, 69) . In addition, bioelectric impedance (BIA) measures were obtained using the RJL Quantum X to estimate changes in % body fat and lean body mass (kg) using an appropriate prediction equation (70) .
PSA was measured in serum obtained via venipuncture by trained phlebotomists at each of the three times (baseline, 3-months, and 6-months). A 5 mL vial of blood was collected from each male participant (not partners) for testing by Quest® Laboratories.
Statistical Methods
Descriptive statistics were computed for all variables using frequencies or means (± standard deviation) as appropriate. Baseline differences between intervention and control participants were assessed using Chi Square for categorical variables and a t-test for continuous variables. Formal intention-to-treat analyses were conducted using a repeated measures mixed-model analysis of variance (ANOVA) to test the overall intervention effect on PSA levels and on intervention-related anthropometric, dietary, and PA factors (71) using Proc Mixed in SAS® (72) . In these models, an intervention condition (intervention vs. control) and an intervention-by-time (baseline, 3-month and 6-month) interaction term were fit as fixed factors, while participant was fit as the repeated factor. Results are presented as least squares means and its standard error; differences between intervention and control at each time point were assessed with a t-test. A separate model was fit for each dependent variable. Prior to fitting a model, each outcome variable was assessed for normality. Subsequently, PSA was log transformed, while total and moderate-vigorous PA (MVPA, in METS/d) and fruit servings per day were square-root transformed to adjust for positive skew in the data. The influence of outliers was evaluated and subsequently, we reanalyzed the PSA data without 2 values, and found that although the means changed slightly, the overall interpretation did not change. Results are presented for the entire sample of 47 men. All analyses were conducted using SAS® software (version 9.1; SAS Institute, Inc. Cary, NC).
Often in randomized trials post hoc analyses provide insights into future research that cannot be gleaned from classical intention-to-treat analyses. In this study post hoc analyses entailed testing specific components of the diet and PA interventions on PSA change using signal detection methods (i.e., Decision Tree Analyses). All analyses were performed using Answer Tree v. 3.1 (SPSS, Chicago, IL). The change in PSA was dichotomized to 1) decrease or no change and 2) an increase. Predictors include PA (total and moderatevigorous physical activity), and diet [total calories, fat and specific categories of fatty acids as a percent of calories (fat %), fiber, fruit and vegetable intake. The Chi-square Automatic Interaction Detection (CHAID) method was used to develop the classification trees. As the sample size is small, and the power to detect significant associations is relatively low, in the model investigating all predictors together, the significance level was set at alpha=0.20 to minimize missing potentially important associations. Tree branches were developed using a parent node ≥10, child node ≥5. For the purposes of the CHAID analysis, the effective sample size was n=46 for all participants with paired baseline and 3-month data. Analyses were conducted based on both 3-month and 6-month PSA data.
RESULTS
A total of 60 eligible men were recruited to participate in the study. Because recruitment was slow at the beginning and it was important to begin the first intervention cycle in order to do a trial run of the intervention and satisfy participant demand, the first four men and their partners were assigned to the intervention. Data from these individuals are excluded from analyses presented here. In Figure 1 , the total participants assessed for eligibility excludes these initial four recruits. Two participants withdrew before randomization. Of the remaining 54 participants who were successfully randomized, complete data were available for univariate analyses on a total of 47 men with rising post-treatment PSA (Figure 1) . The other 7 participants dropped due to time constraints (n=4) or complications associated with recurrence (n=3).
The intervention and control groups did not differ statistically on any demographic, anthropometric, lifestyle or medical characteristics (Table 1) . Similarly, there were no significant differences at baseline in any dietary or PA factor. Prior to entering the study roughly half received both a prostatectomy and radiation as treatment; a third had radiation only, while the remainder had only a prostatectomy.
At 3 months, intervention participants, relative to controls, experienced significant decreases in energy, total fat, saturated and monounsaturated fatty acid intakes, and an increase in dietary fiber (Table 2) . Although we expected to see significant increases in fruit and vegetable intakes as a result of the intervention, the changes at 3 months were modest, and of similar magnitude in both intervention and control participants. The effect on saturated fat intake persisted to 6 months (3 months post intervention); however, the changes we observed in the other dietary factors began to recede back towards pre-intervention levels. In addition, there were significant increases in both total PA and moderate-vigorous PA in the intervention group at 3 months. Commensurate with the decrease in energy intake and an increase in energy expenditure in the intervention participants was a BMI [body mass intake = weight(kg)/height(m) 2 ] decrease of 0.5 kg/m 2 , a change whose direction would be expected but whose magnitude is smaller than expectation based on our previous research (10, 46) . Using a simple intention-to-treat repeat measures analysis, no difference in PSA was observed by intervention status. Approximately ½ (48% overall; 50% in intervention group participants) of men experienced a decrease or no change in PSA at 3 months, a high percentage given that most men who have relapsed biochemically will continue to experience an inexorable increase in PSA (consistent with metastatic disease) (73-75). As noted above, intervention participants experienced a decrease in BMI at 3 months, but this was not statistically significant relative to control participants whose BMI remained relatively stable (p=0.11). Overall, BMI appeared to be positively correlated with PSA (ρ =0.27), but did not reach statistical significance (p=0.07).
Although the intervention was not observed to affect PSA levels, there was suggestive evidence that diet and PA were changed and that many participants did not experience the expected post-treatment rise in PSA concentrations. To examine which factors may have played a role in blunting a PSA rise, we conducted an exploratory classification tree analysis in all participants with paired baseline and 3-month PSA measures using the CHAID method and evaluated 3-month change in dietary and PA factors as potential predictors of PSA change at 3 months. All change scores were dichotomized as either a decrease or no change (DNC) vs. an increase. An increase in fruit intake was associated with a DNC in PSA in 56% of participants, while a DNC in fruit intake was associated with a 29% DNC in PSA (Figure 2) . The next branch of the tree is based on dietary fiber intake. In participants with increased fruit intake and an increase in fiber intake, 46% had DNC in PSA, while 56% of participants with an increase in fruit but DNC in fiber experienced a DNC in PSA. All participants with a DNC in both fruit and fiber experienced an increase in PSA. In the third and final branch of the tree PSA increased in 83% of participants with increased fruit and fiber intakes who also increased saturated fatty acid intake vs. 44% in participants who decreased or maintained saturated fatty acid intake. Results based on the 6-month data, to which 44 men contributed (1 was lost to follow up and 2 went on hormone therapy; i.e., Lupron®) were virtually identical. In the right branch of the tree fiber is still the best predictor and the groups are identical except for the 1 subject who is lost. On the left branch, where fruit intake increases, the first and only split is for vegetable intake (not counting French fries). For those with an increase in vegetable intake, 87% had no change in PSA, while for those with no increase in vegetable intake only 60% had no change in PSA (p=0.10).
DISCUSSION
While no change was observed in PSA levels over the intervention period using intention-totreat analyses, positive health changes in a number of lifestyle parameters were observed with the intervention. Furthermore, longer-term effects on PSA rise cannot be ruled out. Commonly used community standard for judging radical prostatectomy treatment failure is based on 3 successive PSA rises at 2-to 3-month intervals (12, 14) , rising to a level of 1.5ng/mL. During the period of this study, practice in the Midlands Region of South Carolina and stringent interpretation of HIPAA laws ruled out our having access to men whose PSA levels had risen above this level (76) . Because of the more aggressive treatment of men with rising PSA in South Carolina vs. Massachusetts, where our previous study was conducted, men in this study had somewhat lower PSA levels than those of men in the Massachusetts study (10) . Medical practice in Massachusetts, which has one of the highest rates of managed care in the United States (94%), is very different than in South Carolina, which has the lowest rates (43%) (77) .The tendency to treat PrCA more aggressively placed a constraint that restricted our ability to observe an effect across a broadly relevant range of both outcomes and exposures. Future research will need to better account for this; perhaps working with clinical colleagues to relax this constraint or even focusing on men who have failed previous treatment or who choose this approach in favor of more conventional treatment options, which provide no survival benefit in any event (34, 78) . Findings that were published more recently (i.e., in 2009) showing that mortality rates are as high or higher with intensive screening, and by inference, more aggressive treatment (8, 9) should create a climate more conducive to the conduct of studies such as this. Furthermore, hospitals, internal review boards and physician practices better understand the partial waiver component of HIPAA, which should contribute to making recruitment easier in the future.
Despite no significant short-term change in PSA rise in men with biochemical evidence of disease progression, it is reasonable to expect that the changes associated with the intervention will improve the quality of life of men exposed to the intervention and may translate into substantial health benefits with long-term adherence to the intervention recommendations, as demonstrated in one longer-term low fat/high fiber/soy supplement intervention in men with prostate cancer (79) . To date, the majority of short-term diet and lifestyle interventions in PrCA have focused either on intensive interventions during the time period between diagnosis and surgery (80, 81) , or on the feasibility of conducting dietary interventions in men with PrCA without reporting effects on PSA (82)or without including a comparison control group in the design (83, 84) . Others have focused on specific components of the diet (e.g., rye and bran (85) ; flaxseed (86); soy Maskarinec, 2006 #9643}; and tomatoes (87) ,with varied results (88) . Similar to our results, a recent randomized controlled trial in men receiving androgen suppression therapy found no effect of a diet and PA intervention on PSA levels, but significant beneficial changes in health behaviors in those men in the intervention arm (89) .
Results from the signal detection method used to conduct post hoc analyses on 3-month data suggested a number of factors that might influence the process of PrCA metastasis. Most of these are related to diet; e.g., there was a suggestion that both decreased saturated fatty acid intake and increased fiber and fruit intake were associated with absence of a rise in PSA. Results from the 6-month data, which were a bit less robust due to the loss of 3 participants, were virtually identical (with vegetable intake substituting for fiber). Future research should focus on:
• Examining the effect of specific dietary components; answering questions regarding how they would work synergistically with one another (but also keeping in mind that the individual components tend to be highly inter-correlated).
• Addressing the effect of PA on PSA change and possible interactions between PA and diet.
• Focusing on changes in fitness.
• Critical examination of the mindfulness-based meditation component -both in terms of measurement as well as modeling data in relation to the other components of the intervention.
Issues regarding how such an intensive intervention could fail to produce a measurable effect on PSA change, especially in light of positive results obtained in previous work (10) ,might also consider:
• Insensitivity of PSA as a marker of metastatic disease progression (90, 91) . It is well known that PSA is a crude screening test, but is more effective in circumstances where the prostate gland is missing entirely (hence the reliance on PSA doubling time or velocity in following men post-definitive therapy). Still, it is hardly equivalent to actually visualizing, or measuring in some other objective way, metastatic disease.
• Time needed to change PSA may vary considerably across patients and may not be closely associated with virulence, though doubling time or velocity is widely used based on the assumption that the two concepts are linked (90, 92) .
• Unusual favorable changes in the control group, which are also consistent with the effect of diet on PSA. Perhaps this is an example of the "MRFIT effect," wherein men in the control group are subject to secular trends in improving aspects of lifestyle (93) . This change could also result from compensatory rivalry although this should be ruled out with a wait list control. It also must be remembered that though PrCA is usually an indolent cancer (3, 94) many men and their partners will perceive it as a life-threatening illness (95) . While this may increase motivation in the intervention group, participants randomized to control are also likely to be subject to this influence.
• Results based on signal detection analyses that indicated a beneficial effect of increasing fruit and fiber intake and decreasing intake of saturated fatty acids.
• Differences in effect by race or educational status. Table 1 shows over 74% of our study population had at least some college education. In several of our previous studies we have found that participants who have less formal education are more compliant and derive greater health benefits than those with more schooling (45, 49) . That previous work was conducted in hyperlipidemic individuals; so the effect of education may be quite different than in individuals having a condition that is more imminently life threatening.
SUMMARY and CONCLUSIONS
While there was no large difference in PSA change between men randomized to intervention vs. control, there were significant changes in dietary intake consistent with planned intervention effects; i.e., fruit and vegetable intake increased and both total fat and saturated fatty acid intake decreased. There also was a suggestion of an effect of BMI in increasing PSA. Post hoc signal detection analyses were consistent with the hypothesized effects of increased fruit and fiber intake and decreased saturated fat intake on PSA change. Future studies should focus on practical alternatives to PSA as a marker of metastatic disease progression, longer-term studies in order to observe change, and differences in intervention effects by race or educational status.
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